Periodontal disease is a predictor of stroke and cognitive impairment. The association between the number of lost teeth (an indicator of periodontal disease) and silent infarcts and cerebral white matter changes on brain CT was investigated in community-dwelling adults without dementia or stroke. Dental examination and CT were performed in 438 stroke-and dementia-free subjects older than 50 yr (mean age, 63 ± 7.9 yr), who were recruited for an early health check-up program as part of the Prevention of Stroke and Dementia (PRESENT) project between 2009 and 2010. In unadjusted analyses, the odds ratio (OR) for silent cerebral infarcts and cerebral white matter changes for subjects with 6-10 and > 10 lost teeth was 2.3 (95% CI, 1.38-4.39; P = 0.006) and 4.2 (95% CI, 1.57-5.64; P < 0.001), respectively, as compared to subjects with 0-5 lost teeth. After adjustment for age, education, hypertension, diabetes mellitus, hyperlipidemia, and smoking, the ORs were 1.7 (95% CI, 1.08-3.69; P = 0.12) and 3.9 (95% CI, 1.27-5.02; P < 0.001), respectively. These findings suggest that severe tooth loss may be a predictor of silent cerebral infarcts and cerebral white matter changes in community-dwelling, stroke-and dementia-free adults.
INTRODUCTION
Tooth loss is known to be associated with Alzheimer disease and dementia (1) (2) (3) (4) (5) . Suggested underlying mechanisms include nutritional defects due to poor mastication and chronic inflammation due to oral pathogens (3, 6) . Some animal studies have suggested that decreased masticatory function due to tooth loss leads to decreased acetylcholine synthesis, which results in learning and memory disorders (7) . However, the exact mechanism underlying this phenomenon is not well understood.
Cardiovascular risk factors, such as hypertension, diabetes mellitus, dyslipidemia, and smoking, are known to cause dementia via subclinical vascular brain damage (8) . Many neuroimaging studies have suggested the role of white matter degeneration and microbleeds in cognitive impairment (9) (10) (11) . However, it is currently unknown whether these additional pathologies represent separate pathological substrates for cognitive impairment (12) .
Tooth loss is another cerebrovascular risk factor (13) (14) (15) . Like other cerebrovascular risk factors, tooth loss may be associated with brain white matter change (WMC) or silent infarction (SI). We think that tooth loss may cause dementia via brain WMC/ SI much like other cerebrovascular risk factors. If tooth loss causes dementia through brain WMC/SI, WMC/SI may precede dementia. Stewart et al. (16) reported that WMC was correlated with subjective memory defects in a non-dementia community population. The risk of ischemic stroke was negatively correlated with the number of remaining teeth (17) . We hypothesized that the risk of WMC/SI in subjects without dementia is correlated with the number of lost teeth. However, a direct association between tooth loss and brain white matter lesions has not been established. To investigate our hypothesis in a community-based setting, we collected data from the Prevention of Stroke and Dementia (PRESENT) project. The PRESENT project is an ongoing project supported by the regional government that was initiated in July 2007. Its goal is the prevention of stroke and dementia by public education, public relation, early medical check-ups, and research http://dx.doi.org/10.3346/jkms.2013.28. 6.929 in Ansan City, Gyeonggi-do, Korea.
MATERIALS AND METHODS

Subject recruitment
As a part of the PRESENT project, stroke-free and dementiafree adults (aged 50-75 yr) were recruited by random sampling or volunteering. Data collection involved 2 steps conducted over 2 yr from January 2009 to December 2010. First, systematic random sampling with administrational support from the regional government was performed in 2009. In the baseline cohort (n = 119,359 in 2009), we contacted every 100th person by using a registered list received officially from the regional government office (the PRESENT project is a regional governmentrun project). A telephone interview was conducted by a trained nurse. If a potential participant could not be contacted, refused to participate, had moved, or had a history of stroke or dementia, we contacted the next person on the list. We attempted to contact 1,240 people in total, of which 551 people could not be contacted, 366 refused to participate, and 23 had a history of stroke or dementia. In total, 300 participants were selected in the first step. In the second step, 350 subjects without any history of stroke or dementia were selected from volunteers with a low socioeconomic background, or who earned < 200% of the minimum cost of living, and who wanted a health check-up in 2010. All procedures were performed after obtaining written permission from the paticipents.
Risk factor assessment
Personal interviews and evaluations by trained nurses and neurologists were performed. Education, hypertension, smoking, diabetes, and hypercholesterolemia data were recorded. Blood pressure was measured. Blood chemistry was analyzed. Hypertension was defined as a previous diagnosis of hypertension, the use of 1 or more anti-hypertensive drugs, a systolic pressure of ≥ 140 mmHg, or a diastolic pressure of ≥ 90 mmHg (18) . Hypercholesterolemia was defined as the use of 1 or more lipidlowering agents, a fasting total cholesterol level of ≥ 240 mg/ dL, a low-density lipoprotein cholesterol level of ≥ 160 mg/dL, or a triglyceride level of ≥ 200 mg/dL (19) . A participant was said to have diabetes mellitus if he/she had a previous diagnosis of diabetes mellitus, used anti-diabetic medication (including insulin), or had a fasting glucose level of ≥ 126 mg/dL (20) . Smoking was defined as a current smoking habit.
Neuroimaging
Brain CT was performed, and the obtained results were independently evaluated by 2 neurologists who were blinded to the clinical condition and laboratory assessment of the subjects. Based on the brain CT results, subjects were divided into 2 groups: normal and WMC/SI. The WMC/SI group included participants with WMC, SI, or both WMC and SI. SI was defined as the presence of well-defined areas with diameter greater than 2 mm and showing attenuation without relevant clinical neurologic events, and WMC was defined as the presence of ill-defined and moderately hypodense areas with diameters ≥ 5 mm in the periventricular or subcortical area. This includes extensive periventricular lesion and severe leukoencephalopathy (21, 22) .
Tooth count
Dental examination was performed by a dentist at the community health center. The numbers of lost teeth were counted.
Data analysis
Data were analyzed with the χ 2 test, t-test, and multiple regression analysis in the Statistical Package for the Social Sciences (SPSS; Windows version 18, SPSS Inc, Chicago, IL, USA). We used multiple regression analysis to obtain odds ratios (ORs) and adjusted ORs. The independent variable was the number of lost teeth. We divided the number of lost teeth into 3 categories, namely, 0-5 teeth; 6-10 teeth; and more than 10 teeth. Wellknown risk factors for WMC/SI were used as covariates; these were age, hypertension, diabetes mellitus, hyperlipidemia, education, and current smoking status. Education is not a known risk factor for WMC/SI, but education was found to influence oral health and cognitive function in a community based survey (5); therefore, we included the number of years in education as a covariate. We used 2-tailed P values for all analyses. The P value of significance for our analyses was 0.01.
Ethics statement
The study protocol was reviewed and approved by the institutional review board of Wonkwang University Hospital (IRB No. 1425). Informed consent was received from all participating subjects.
RESULTS
Among the 650 subjects, 438 underwent dental examination by a dentist. However, the baseline characteristics of the subjects who did and did not undergo the dental examination were similar. The baseline characteristics of the subjects are shown in Table 1 .
Of the 438 subjects who underwent the dental examination, 318 showed normal brain CT findings, and 120 showed WMC/ SI findings on brain CT. Inter-rater concordance rate of brain CT interpretation divided by normal or WMC/SI finding was good (k = 0.89; 91% concordance). Age ( ≥ 65 yr), incidence of hypertension and diabetes mellitus, and the number of lost teeth were significantly greater in the WMC/SI group than in the normal brain CT group ( The OR for silent cerebral infarcts and cerebral white matter changes for subjects with 6-10 teeth and >10 lost teeth was 2.3 (95% CI, 1.38-4.39; P < 0.01) and 4.2 (95% CI, 1.57-5.64; P < 0.01), respectively, as compared to subjects with 0-5 lost teeth. After adjustment for age, education, hypertension, diabetes mellitus, hyperlipidemia, and smoking, the OR was 1.7 (95% CI, 1.08-3.69; P = 0.12) for subjects with 6-10 lost teeth and 3.9 (95% CI, 1.27-5.02; P < 0.01) for subjects with >10 lost teeth. ther divided into the WMC only (n = 80, 10.0 ± 12.0), SI only (n = 8, 9.4 ± 9.6), and WMC and SI (n = 32, 9.9 ± 9.1) groups.
In the unadjusted analysis, the OR of cerebral WMC/SI for subjects with 6-10 lost teeth and more than 10 lost teeth was 2.3 (95% CI, 1.38-4.39; P = 0.006) and 4.2 (95% CI, 1.57-5.64; P < 0.001), respectively, when compared to subjects with 0-5 lost teeth. After adjustment for age, education, hypertension, diabetes mellitus, hyperlipidemia, and smoking, the OR was 1.7 (95% CI, 1.08-3.69; P = 0.12) for patients with 6-10 lost teeth and 3.9 (95% CI, 1.27-5.02; P < 0.001) for patients with more than 10 lost teeth (Fig. 1) .
DISCUSSION
The study population consisted of 2 groups. The first population, recruited in 2009, was a randomly sampled group, and the second population, recruited in 2010, consisted of volunteers. The baseline characteristics of the 2 groups were different (data not shown) in that the age of the volunteer group was higher than that of the first population. Age is a very important factor that influences characteristics such as hypertension. However, we do not think this factor influenced our results. Furthermore, the aim of this study was not to compare the 2 groups. This study was a cohort-based, cross-sectional, observational study, and we thought that it was important to recruit as many participants http://dx.doi.org/10.3346/jkms.2013.28. 6.929 to the cohort as possible. The 2 groups were selected independently from the same cohort. There was no artificial manipulation in participant selection of the volunteer group, and the study group was randomly chosen.
Periodontitis and dental caries are 2 major causes of tooth loss. Before middle age, the most common reason for tooth loss is caries; however, later in life, periodontitis becomes the major cause of tooth extraction (23) . With respect to pathophysiology, periodontitis and subsequent bacteremia cause vascular damage. However, recording tooth loss is much easier than assessing periodontitis directly, and most studies have used the number of lost teeth as a variable reflecting periodontitis (13, 24) . Some authors have suggested that caries should perhaps be investigated as a potential independent risk factor for atherosclerosis (25) . We believe that the loss of 1-5 teeth may be because of cosmetic problems, wisdom tooth pain, or trauma without the presence of any underlying periodontal disease. Therefore, we used subjects who had lost 0-5 teeth as controls. A large prospective study on tooth loss and incidence of ischemic stroke used a control group of subjects who still had 25 to 32 teeth (a normal adult has 28 to 32 teeth depending on the presence or absence of the wisdom teeth) (17). We did not count the number of remaining teeth (which can be counted easily by a nondentist), but instead counted the number of lost teeth. All subjects included in this study underwent a dental examination by a dentist.
Age, incidence of hypertension and diabetes mellitus, and the number of lost teeth for the WMC/SI group were significantly greater than those for the normal brain CT group. Compared to the normal brain CT group, the WMC/SI group showed a greater incidence of current smoking and hypercholesterolemia, but this difference was not significant. We believe that this result was not significant because of the small sample size. Except for the results for tooth loss, our results are similar to those of a previous study (11) .
To eliminate the effect of other well-known cerebrovascular risk factors, we adjusted the data by using the covariates of age, hypertension, diabetes mellitus, hyperlipidemia, education, and current smoking status. The adjustment of these other risk factors showed that severe tooth loss was associated with a high risk of WMC/SI.
This study was a cross-sectional study and not a large prospective study, and the dependent variable was not stroke or dementia. Nonetheless, the findings of the study are valuable because this is a community-based study for healthy adults without stroke and dementia. The PRESENT health promotion project aimed to prevent stroke and dementia, and therefore, our study population did not include individuals diagnosed with stroke or dementia. A large community-based longitudinal cohort study showed that brain white matter lesions precede the occurrence of stroke and cognitive decline as a risk factor (11) .
In conclusion, tooth loss is associated with brain WMC/SI. Furthermore, tooth loss may be a predictor of WMC/SI. Almost all periodontal problems are preventable and treatable conditions. Therefore, we believe that community-based, early life and regular dental care education and campaign programs can decrease the incidence of stroke and dementia. We hope that further studies about the relationship between periodontal disease and brain lesions or cognitive impairments will be planned in the near future.
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